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Preface 


A  geo(riiysical  mvesdgadon  was  conducted  at  the  U.S.  Army  Materials 
Tedisology  Laboratory,  Watertown,  Massachusettes,  by  personnel  of  die 
Geotedinical  Laboratory  (GL),  U.S.  Army  Engineer  Waterways  Eiqieriment 
Station  (WES),  between  1  and  4  October  1992.  The  investigation  was  con> 
ducted  for  the  U.S.  Army  Environmental  Center  (AEC),  Aberdeen  Proving 
Ground,  Maryland.  The  AEC  Tedinical  Monitors  were  Ms.  Phyllis  Breland 
and  Mr.  Mark  Mahoney.  Mr.  William  Nelson  (AEC^  was  project  geologist. 

Hiis  rqxnt  was  prepared  by  Mr.  Josd  L.  Uopis  and  Dr.  Janet  E.  Simms, 
Earthquake  Engineving  and  Geosdences  Division  (EEGD).  The  work  was 
performed  under  die  direct  supervision  of  Mr.  Jos^  R.  Curro,  Jr.,  Chief, 
Engineering  Geophysics  Bran^.  The  work  was  performed  under  die  general 
supervision  of  Drs.  A.  G.  FranUin,  Chief,  EE(>D,  and  William  F. 

Marcuson  m.  Director,  (jL.  Field  wmk  and  data  analysis  were  performed  by 
Mr.  Jos6  L.  Uopis  and  Dr.  Janet  E.  Simms.  Mr.  William  Mq^ehee,  EEGD, 
assisted  in  draft^  and  preparing  die  report  figures. 

At  die  time  of  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  WUin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


Conversion  Factors, 
Non-SI  to  SI  Units  of 
Measurement 


Non-SI  units  of  measurement  used  in  diis  report  can  be  converted  to  SI  units 
as  follows: 

ly  To  Obtain 


•orM 

4,046.873 

aquara  matara 

foot 

0.3048 

HMtara 

Oamma 

1.0 

naiwtaala 

milao  (U.S.  atatuta) 

1.608347 

Uiorrwtora 

mHoa  par  hour 

1.609347 

Ulofnatora  par  hour 

wlWmhoa  par  foot 

3.38 

wlWmhoa  par  motor 

mWimhoa  par  foot 

3.28 

mWiSlamana  par  motor 

1  Introduction 


Background 


The  U.S.  Anny  Materials  Tedinology  Laboratory  (MTL)  is  located  on 
36.5  acres  of  land  on  the  nordi  bank  of  tte  Charies  River  in  Watertown,  MA, 
approximatdy  5  miles  west  of  Boston  (Figure  1).  The  fiicflity  was  established 
in  1816  by  Resident  James  Madison  and  was  originally  used  for  the  storage, 
cleaning,  rqiair,  and  issue  of  small  arms  and  ordnance  supplies.  During  the 
1800’s  foe  mission  was  eaqianded  to  include  ammunition  and  pyrotedmics  pro¬ 
duction;  materials  testing  and  eiqterimeotation  wifo  paint,  lubricants,  and  car¬ 
tridges;  and  manufacture  of  breefo^oading  steel  guns  and  cartridges  for  fidd 
and  si^e  guns.  Anns  manufacturing  continued  at  foe  facility  until  operational 
phasedown  was  initiated  in  1967.  In  1960,  the  Army’s  first  materials  research 
reactor  was  conqtleted  at  MTL,  ufoich  was  used  activdy  in  molecular  and 
atomic  structure  research  activities  untfl  1970,  triien  it  was  deactivated. 

In  December  of  1989,  foe  Secretary  of  Defense’;;  ad  hoc  Commission  on 
Base  Redignment  and  Qosute  issued  its  final  rqKnt  foat  induded  a  recom¬ 
mendation,  subsequently  qtproved  by  Congress,  for  foe  dosuie  of  81  Depart¬ 
ment  of  Defense  installations,  induding  MTL.  The  MTL  dosure  program  is 
being  siqMrvised  by  foe  U.S.  Army  Environmental  Center  (AEQ. 

Both  foe  researdi  reactor  and  foe  facilities  foat  handled  depleted  uranium 
(DU)  were  associated  wifo  foe  storage,  testing  and  handling  of  radioactive 
mattxials.  The  purpose  of  foe  gecqfoysical  investigation  was  to  characterize 
tiiose  sites  not  previously  studied,  to  determine  if  anomalies  exist,  and  to  aid 
in  foe  dedskm  to  condud  remedial  actions. 


Objectives 

At  foe  request  of  AEC,  personnd  of  foe  U.S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  conducted  a  geophysical  investigation  at  five  loca¬ 
tions  at  MTL  during  foe  period  1  and  4  October  1992  figure  2).  Getqfoysi- 
cal  surveys  were  conduct^  at  Sites  1  and  2  to  ddineate  anomalies  indicative 
of  buried  waste  and  waste  containers.  The  waste  supposedly  consists  of  bur¬ 
ied  drums  of  DU  and/or  burltqi  sada  containing  sand  and  DU  diips.  Site  1 
was  a  parking  lot  soufo  of  Bldg.  36  where  former  Bldg.  45  was  located  and 


Site  2  was  an  area  between  Bldg.  295  (jfuel  storage  tanks)  and  the  south  boun¬ 
dary  fence.  Site  3  was  located  south  of  Bldg.  37  and  was  investigated  to  de¬ 
termine  the  presence  of  a  suspected  underground  storage  tank  (UST).  Sites  4 
and  5  were  investigated  to  ddineate  anomalies  indicative  of  unnu^ped  under- 
groimd  drain  or  sewer  lines  widi  the  potential  of  carrying  wastes  off  site.  Site 
4  was  a  parking  lot  located  west  of  Bldg.39  who'eas.  Site  5,  also  a  parking 
lot,  was  located  northwest  of  Bldg.  39  and  soudi  of  Bldg.  243  as  shown  in 
Figure  2.  Electromagnetic  (EM),  mimetic,  and  ground  penetrating  radar 
(GPR)  surveys  were  conducted  at  the  sites  to  accomplish  these  objectives. 


2  Geophysical  Test  Principles 
and  Field  Procedures 


Geophysical  Test  Principles 

Electromagnetic  surveys 

The  EM  technique  is  used  to  measure  differences  in  terrain  conductivity. 
Like  electrical  resistivity,  conductivity  is  affected  by  differences  in  soil  porosi¬ 
ty,  water  contoit,  chemical  nature  of  the  ground  water  and  soU,  and  the  physi- 
^  nature  of  the  soil  In  fact,  for  a  homogeneous  earth,  the  true  conductivity 
is  the  reciprocal  of  the  true  resistivity.  Some  advantages  of  using  the  EM 
over  the  dectrical  resistivity  technique  are  (a)  less  sensitivity  to  localized  re¬ 
sistivity  inhomogeneities,  (b)  no  direct  contact  with  the  ground  required,  thus 
no  current  injection  problems,  (c)  smallo'  crew  size  required,  and  (d)  rapid 
measuiemoits  (McNeil,  1980).  The  DU  chips  should  ^  detectable  if  buried 
in  the  near-surfece  in  metal  containers.  Howevn,  because  DU  is  not  a  good 
dectrical  conductor  and  is  only  very  weakly  magnetic,  it  may  not  be  detected 
if  buried  in  burl^  sacks  unless  it  is  in  sufficient  quantity  to  create  a  conduc¬ 
tivity  contrast  wiA  that  of  the  surrounding  matmal. 

The  EM  equipmoit  used  in  this  survey  consists  of  a  transmitter  and  receiv¬ 
er  coil  set  a  fked  distance  apart.  The  transmittw  coil  is  energized  with  an  al¬ 
ternating  current  at  an  audio  frequency  (Khz  range)  to  produce  a  time-varying 
magnetic  fidd  which  in  turn  induces  small  eddy  currents  in  the  ground. 

These  currents  then  genmoe  secondary  magnetic  fidds  which  are  sensed  to¬ 
gether  witii  die  primary  fidd  by  the  receive  coil.  The  units  of  conduaivity 
are  millimhos  per  meter  (mmho/m)  or,  in  the  SI  system  milliSiraiens  per  me¬ 
ter  (mS/m).  The  EM  data  are  tfaoi  presented  in  profile  plots  or  as  isoconduct¬ 
ivity  contours  if  data  are  obtained  in  a  grid  form.  A  more  thorough  discus¬ 
sion  on  EM  theory  and  fidd  procedures  is  given  by  Butler  (1986),  Tdford  et 
al.  (1973)  and  Nabighian  (1988). 

There  are  two  components  of  the  induced  magnetic  fidd  measured  by  die 
EM  equipment.  The  first  is  the  quadrature  phase  component,  which  gives  die 
ground  conductivity  measurement.  The  second  is  the  m^ihase  component, 
which  is  used  primarily  for  calibration  purposes.  However,  die  in-phase  com¬ 
ponent  is  significandy  more  sensitive  to  large  metallic  objects  and  hence  very 
useful  when  looking  for  buried  metal  containers  (Geonics  Limited  1984). 


When  measuring  the  in-phase  component,  the  true  zero  level  is  not  known 
since  the  reference  level  is  arbitrarily  set  by  the  operator.  Therefore,  mea¬ 
surements  collected  in  this  mode  are  relative  to  a  reference  level  and  have 
arbitrary  units  of  parts  per  thousand  (ppt). 

A  Geonics  model  EM-31  ground  conductivity  meter  was  used  to  survey  the 
sites.  The  EM-31  has  an  intercoil  spacing  of  12  ft  and  an  effective  dq>th  of 
exploration  of  about  20  ft  (Geonics  Limited  1984).  The  EM-31  meter  reading 
is  a  weighted  average  of  the  earth’s  conductivity  as  a  function  of  dq)th.  A 
thorough  investigation  to  a  depth  of  12  ft  is  usually  possible,  but  below  that 
depth  the  effect  of  conductive  anomalies  becomes  more  difficult  to  distinguish. 
The  EM-31,  when  carried  at  a  usual  height  of  ^proximately  3  ft,  is  most  sen¬ 
sitive  to  features  at  a  dq>th  of  about  1  ft.  Half  of  the  instrument’s  readings 
result  from  features  shallower  than  about  9  ft,  and  the  remaining  half  from 
below  that  depth  (Sevan  1983).  Figure  3  more  clearly  illustrates  the  effect  of 
d^th  on  instrument  sensitivity  with  the  dashed  line  dq>icting  the  sensitivity  of 
the  instrument  to  objects  between  it  and  the  ground  surface.  The  instrument 
can  be  operated  in  both  a  horizontal  and  vertical  dipole  orientation  (Figure  4) 
with  correspondingly  different  effective  d^ths  of  exploration.  The  instrument 
is  normally  operated  with  the  dipoles  vertically  oriented  (coils  oriented  hori¬ 
zontally  and  co-planar)  which  gives  the  maximum  d^th  of  penetration.  The 
instrument  can  be  operated  in  a  continuous  or  a  discrete  mode. 


Magnetic  surveys 

The  magnetic  method  of  surveying  is  based  on  the  ability  to  measure  local 
disturbances  of  the  earth’s  magnetic  firfd.  Magnetic  anomalies  are  caused  by 
two  different  types  of  magnetism;  induced  and  remanent  magnetization 
(Parasnis  1966  and  Breiner  1973).  Remanent  magnetization  is  a  permanent 
magnetic  moment  per  unit  volume  whereas  induced  magnetization  is  tempo¬ 
rary  magnetization  that  dist^pears  if  the  material  is  removed  from  a  magnetic 
field.  Generally,  the  induct  magnetization  is  parallel  with  and  proportional 
to  the  inducing  field  (Barrows  and  Rocchio  1990).  The  remanent  magnetism 
of  a  material  d^ends  on  the  thermal  and  magnetic  history  of  the  body  and  is 
independent  of  Ae  field  in  which  it  is  measured  (Breiner  1973). 

An  EDA  OMNI  IV  proton-precession  magnetometer  was  used  to  measure 
the  total  field  intensity  of  the  local  magnetic  field.  The  magnetic  unit  of  mea¬ 
surement  is  the  nanotesla  (nT)  or  gamma.  One  nanotesla  is  equivalent  to  one 
ganuna.  The  local  magnetic  field  is  the  vector  sum  of  the  field  of  the  local 
magnetized  materials  (local  disturbance)  and  the  ambient  (undisturbed)  mag¬ 
netic  field.  Figure  5  shows  the  ambient  earth’s  field  as  50,000  nT  with  a  lo¬ 
cal  disturbance  of  10  nT.  Figure  5  shows  that  the  quantity  measured  with  the 
magnetometer  is  the  resultant  total  field  with  a  value  of  50,006  nT. 

The  magnetometer  was  also  used  with  dual  sensors  thereby  allowing  the 
gradient  of  the  total  magnetic  field  U)  be  measured.  The  gradient  is  taken  by 
measuring  the  total  field  at  the  two  sensors  which  are  fixed  a  small  distance 
2q)art.  The  difference  in  values  between  the  two  sensors  divided  by  their  sq>a- 
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ration  s9)proximates  the  gradient  measured  at  the  midpoint  of  the  sensor  spac¬ 
ing.  Two  advantages  of  using  die  magnetic  gradient  are  diat  L  the  regional 
magnetic  gradient  is  filtered  out  thus  local  anomalies  are  better  defined  and  Zl 
since  the  two  readings  are  taken  simultaneously  magnetic  storm  effects  and 
diurnal  magnetic  variations  are  essentially  removed  (Breiner  1973).  The 
magnetometer  used  in  this  survey  has  an  absolute  accuracy  of  i^roximatdy 
±  1  nT.  For  reference,  the  eardi's  magnetic  field  varies  ^m  iqiproximately 
60,000  nT  at  the  poles  to  30,000  nT  at  the  equator  (die  nominal  field  strength 
at  MTL  is  51,000  nT). 

A  magnetic  anomaly  rqiresents  a  local  disturbance  in  the  earth’s  magnetic 
field  which  arises  from  a  localized  change  in  magnetization,  or  magnetization 
contrast.  Hie  observed  anomaly  expresses  the  net  effea  of  the  induced  and 
remanent  magnetization  and  the  earl’s  ambient  magnetic  field.  Dqith  of  de¬ 
tection  of  a  localized  subsurface  feature  dqiends  on  its  mass,  magnetization, 
siuqie  and  orientation,  and  state  of  deterioration. 


Ground  penetrating  radar 

Ground  penetrating  radar  (GPR)  is  a  geophysical  subsurface  exploration 
method  using  high  frequency  EM  waves.  The  GPR  system  consists  of  a  tran¬ 
smitting  and  a  receiving  antenna.  The  transmitting  antenna  transmits  an  EM 
signal  into  the  ground  and  is  reflected  by  materials  having  contrasting  electri¬ 
cal  properties  back  to  the  receiving  antenna.  These  signals  are  dien  amplified, 
processed  and  recorded  to  provide  a  continuous  profile  of  tiie  subsurface. 

The  transmitted  EM  waves  respond  to  dianges  in  soil  and  rock  conditions 
having  sufficimtly  different  electrical  properties  sudi  as  those  caused  by  day 
content,  soil  moisture  or  ground  water,  water  salinity,  cementation,  man-made 
objects,  voids,  etc.  The  dqitb  of  exploration  is  determined  by  the  electrical 
properties  of  ttie  soil  or  rock  as  wdl  as  by  the  power  of  tiie  transmitting  an¬ 
tenna.  The  primary  disadvantage  to  GPR  is  its  extremely  site  spedfic  applica¬ 
bility;  the  presence  of  hi^-day  content  soils  in  the  shallow  subsurface  will 
generally  defeat  die  application  of  (jPR  (Olhoeft  1984).  Hi^  water  contents 
in  the  shallow  subsurface  and  shallow  water  tables  can  also  limit  the  applica¬ 
bility  of  GPR  at  some  sites.  A  genoal  rule  is  that  GPR  should  not  be  applied 
to  projects  in  which  the  mapping  objective  is  greater  than  50  ft  in  deptii.  For 
shallow  mapping  q)plications  at  sites  with  low  day  contem  soils,  GPR  will 
generally  have  the  best  vertical  and  horizontal  resolution  of  any  geq>hysical 
method  (Butler  and  Llopis  1990). 

A  Geophysical  Survey  Systems,  Inc.  SIR  System-8  radar  with  a  3(X)  Mhz 
antenna  as  shown  in  Figure  6  was  used  to  conduct  the  GPR  surveys.  A  gra¬ 
phic  recorder  was  used  with  the  SIR  Systan-8.  The  graphic  recorder  accq>ts 
the  analog  signal  from  the  receiver  and  produces  a  continuous,  pennanem 
chart  CQ  dectro-sensitive  paper.  By  recording  a  verticd  intensity  modulated 
scan  for  every  few  inches  of  antenna  travd,  a  continuous  profile  is  devdoped 
showing  reflections  from  subsurface  strata  and  anomalies  within  tiie  strata. 
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Soils  at  MTL  are  agriculturally  classified  as  Merrimac  gravelly  sandy 
loam,  alduragb  they  have  been  significantly  altered  as  a  result  of  numerous 
construction  and  fill  activities  (Roy  F.  Weston,  Inc.  1992).  Mudi  of  die  site 
is  overlain  by  sand  and  gravd  fill  material,  which  is  underlain  by  less  coarse 
glacial  till  deposits.  The  groundwater  table  ranges  in  depth  from 
approximatdy  4  ft  in  die  southeastern  comer  of  the  site  to  24  ft  in  die 
no^westem  comer. 


Field  Methods 

Detailed  surveys  were  conducted  by  establishing  rectangular-shaped  grids 
at  die  sites  to  encompass  the  area  of  interest.  Die  grid  stations  at  the  sites 
were  mariced  at  ccmstam  intervals  widi  dialk  on  paved  areas  and  by  implant¬ 
ing  polyvinyl  diloride  (PVQ  stakes  into  the  gro^  in  grassy  areas.  fVc 
stakm  were  used  to  prevent  any  possible  interference  with  die  geophysical 
tests  conducted  at  the  sites.  Magnetic  and  EM-31  readings  were  taken  at  10  ft 
intervals  over  the  gridded  areas.  Condnuous  GPR  survey  profile  lines  were 
taken  along  the  long  axis  of  the  sites  and  m  some  cases  additional  GPR  survey 
profile  lines  were  collected  transverse  to  die  long  axis  of  the  site.  Die  dis¬ 
tance  between  GPR  profile  lines  ranged  between  5  and  20  ft  with  the  distance 
between  profile  lines  being  dependent  on  the  shape  and  sixe  of  the  target  of  in¬ 
terest. 

The  EM-31  data  were  taken  in  bodi  die  quadrature  phase  (conductivity) 
and  in-phase  mode  at  each  measurement  station.  Measurements  were  recorded 
on  a  digital  data  logger  and  transferred  to  a  poitaMe  field  omnputer  at  the  con¬ 
clusion  of  die  snrv^. 

Total  magnetic  field  and  magnetic  gradient  readings  were  taken  at  each  sur¬ 
vey  point.  Data  were  collected  and  stored  in  the  internal  memory  of  die  mag¬ 
netometer  and  transferred  to  a  portaUe  field  computer  at  the  condusion  of  die 
surv^. 

The  radar  antenna  was  hand-towed  along  each  survey  line  at  a  slow  walk¬ 
ing  rate  (qiproxiniatdy  1  to  2  mfles  per  hour)  whfle  the  control  unit  and 
gnqihic  recorder  were  operated  from  a  motor  vehicle.  Station  positkms  were 
established  on  the  radar  records  by  dectrmiically  impressing  dinbed,  vertical 
reference  lines  on  die  grqihic  records  as  the  antenna  passed  eadi  mariced 
location. 


3  Geophysical  Test  Results 


Presentation  of  Test  Results 

The  results  of  die  EM-31  and  magnedc  surveys  for  Sites  1,3,4  and  S  are 
presented  as  contour  of  die  measured  values.  The  color  contour  maps 
show  a  two-dimensional  rqiresentation  of  die  data  with  hot  colors  (reds)  i^i- 
cating  areas  with  rdadvely  hi|^  values  and  cold  colors  (blues)  showing  areas 
widi  relatively  low  values.  No  contour  plots  of  EM-31  or  magnetic  surv^ 
results  were  prqiared  for  Site  2  because  die  site  was  too  narrow  to  make  a 
meaningful  contour  plot.  Instead,  profile  plots  showing  die  survey  values 
were  prepared.  The  plots  of  the  (31%  survey  results  are  presented  showing 
areas  of  discrete  hits  (depicted  with  an  ”X”  for  Sites  1,3,4  and  S  and  widi  an 
**”  for  Site  2)  and  disturbed  areas  (dqiicted  by  shaded  areas).  A  discrete  hit 
was  identified  by  a  hyperbolic  shape  on  die  rato  record  due  to  an  isolated 
buried  object,  whereas  a  distuibed  area  was  characterized  by  a  section  of  dis¬ 
continuous  rrilectors  and  is  generally  associated  widi  fill  zones. 

Siqierinqiosed  on  die  contour  and  GFR  plots  are  die  locations  of  cultural 
features  (metal  signs,  lanqi  posts,  sted  gpia,  etc.)  ^ch  may  have  an  affect 
or  interfere  widi  the  surv^  results.  By  siqieritqioBmg  die  cultural  features  on 
die  contour  plots  anomalous  features  caused  by  diese  features  can  be  account¬ 
ed  for  and  not  misinterpreted  as  being  caused  by  an  unknown  buried  feature. 
Mt^  of  underground  utilities  (steam  p^,  sewer  lines,  water  lines,  etc.) 
were  obtained  from  die  Facilities  Fjigineeriiig  Branch,  MIL  in  order  to  deter¬ 
mine  any  corrdation  between  inteipreted  anomalies  and  mqiped  utilities. 


Test  Results 

Shu  1  (parking  lot  south  of  bldg.  36) 

Figure  7  shows  the  location  of  Site  1  and  die  eztent  of  the  surveyed  area. 
Figure  7  also  shows  die  locatkm  of  the  known  buried  utilities  and  utQity  tun¬ 
nel.  Figure  8  shows  the  layout  of  the  surv^  grid  along  with  die  locatkm  of 
cultural  features.  Total  field  magnetic,  magnetic  gradient,  EM-31  conductivity 
and  in-phase,  and  GFR  survey  results  ate  presented  in  Figures  9  dirough  13, 
reflectively.  EM  and  magnetic  readings  were  taken  on  a  IB-ft  grid  interval 
across  die  she.  The  survey  stations  are  denoted  on  die  maps  by  the  tick 


marks  along  each  survey  line.  GPR  survey  lines  were  tun  in  a  east>west  di' 
rection  with  a  S-ft  survey  line  sq>aration. 


Hie  results  of  die  magnetic  total  field,  magnetic  gradient,  EM-31  conduc¬ 
tivity  and  in<i)hase  surveys  are  given  in  Figures  9-12,  with  descriptions  and 
locations  of  significant  anomalies  presented  in  Tables  M,  re^iecdvdy. 

The  GPR  anomaly  results  are  presented  in  Figure  13.  As  previously  men¬ 
tioned,  individual  GPR  anomalies  are  r^resented  with  an  ”X”  n^ereas,  more 
widespread  anomalies  are  rqiresented  by  the  shaded  areas.  Numerous  individ¬ 
ual  anomalies  as  well  as  disturbed  areas  were  inteqireted.  The  linear  anomaly 
extending  from  (lOOW,  DON)  to  (150W,  130N)  as  seen  on  the  other  anomaly 
maps  is  also  detected  by  die  GPR,  as  wdl  as  a  dismrbed  area  between  (140- 
190W,  65-85N). 


TaMa  1 

Daacriptioi 

Anom^aa 

n  and  Location  of  Signifieant  Magnetic  Total  Field 
,  She  1 

AtioHMiy  D— oHpUon  mud  Leorton 

1 

AppnndmaMly  10>ft  wide  poaitlv*  Knaar  anomalv  axtanding  from 
(100W.00NI  to  (146W.130Nt. 

2 

PoaW%w  Snaar  onematy  axtanSiw  from  (140W,70N)  to  (ia0W,70N). 

a 

SpatiaHv  omaN  pooHivo  Snaar  artotiwiv  axtandins  batwaan  (1 50W.1  ION) 
and  (180W,110N). 

4 

Ciroular  nagativo  anomaty  looatad  at  (OOW.MN). 

5 

SirraS  nagadva  onomalY  looatad  at  (lOW.ISON). 

6 

Small  pooitlva  anomaly  oantarod  on  {70W,1 15N). 

7 

PooWva  10-16  ft  wida  anomaly  looatad  batwaan  <160W.25N)  and 
(210W.16N). 

Tabla4 

Doscriptit 

m  and  Location  of  Significant  EM-31  In-phaaa  Anomaiiaa, 

Anomaly 

Itofsfwios 

Numhor 

Anomaly  Daaeilpeon  and  Loeation 

1 

Nagativo  drauiar  anomaly  oamarad  approidmatoly  around  (OSW.SON). 

2 

SmaS  nagaiivo  attomalv  aontarad  around  (1BW,120N). 

a 

Naeadva  10-ft  arMa  Snaar  anomaly  axtandine  tram  (1 15W,00N)  to 
(180W,130N). 

4 

SmaS  poaWua  anamalv  oortlarod  around  (1S0W.10N). 

6 

Qraular  naeadva  artomalv  loeatad  at  (60W,S0N). 

6 

Larga  poaWva  anomaly  oantarad  about  n70W.S0N). 

7 

SmaS  poaWva  aitomaly  oantarad  about  (20SW.7BN). 

8it«  2  (iMtwMn  North  Booeon  Stroot  and  fuol  storago  araa) 

Site  2  is  a  aanow  str^  of  land  located  between  North  Beacon  Street  and 
the  fiid  storage  area  as  shown  in  Figure  14.  Figure  14  also  shows  the  loca¬ 
tion  of  cultural  features  whidi  mi^  have  die  potential  to  interfere  whh  the 
geojdiysical  readings.  The  widdi  of  die  site  varied  between  5  and  15  ft, 
whereas  the  length  varied  between  120  and  310  ft.  The  western  portion  of  the 
site  sloped  steqply  to  die  south  (towards  North  Beacon  Street)  causing  Lines 
DON  arid  Q5N  to  be  shortened.  Magnetic  total  field,  EM-31  conductivity  and 
iohphase,  and  GPR  surveys  were  conducted  at  this  site.  Magnetic  and  EM-31 
re^ings  were  taken  at  Ift-ft  intervals  al<mg  each  survey  line.  GFR  surveys 
were  tun  along  the  entire  length  of  eadi  survey  line. 

Figures  15  dirough  17  present  die  magnetic,  conductivity,  and  inidiase 
data,  reqiecdvdy,  for  Site  2.  The  figures  have  been  annotated  indicating  the 
location  of  buri^  lines,  manlKde  covets,  monitoring  wdls,  and  other  features 
whidi  might  affect  diese  readings.  Ihe  grqdied  data  show  many  anomalies  as 
indicated  by  die  peaks  and  valleys.  Ihe  majority  of  diese  anomalies  can  be 
attributed  to  interference  from  cxiltural  feahra.  Figure  18  was  prepared  to 
show  the  location  of  die  anomalies  as  interpreted  from  the  differ^  tests  and 
to  indicate  dieir  rdadve  position  to  cultural  features.  Also  presented  in 
Figure  18  are  the  interpreted  anomalies  from  die  GPR  survey.  Figure  18 
shows  that  indeed,  most  of  the  anomalies  occur  in  the  vidni^  of,  and  are  be¬ 
ing  affected  by  underground  lines,  manhole  covers,  and  monitoring  wdls. 
However,  diere  are  basically  two  anomalous  zones  that  cannot  be  attributed  to 
known  cultural  features.  One  zone  consists  of  anomdous  conductivity  read¬ 
ings  (Lines  OON,  05N,  and  ION)  located  approximatdy  120  ft  west  of  the  sur¬ 
vey  line  starting  point.  The  other  anomalous  area  is  located  on  line  05N  ap- 
proximatdy  140-150  ft  west  of  die  survey  line  starting  point  where  a  smdl 


magnetic  and  a  significant  in-^diase  anomaly  were  interpreted.  Hie  disturbed 
anomalous  zones  determined  from  the  GPR  surveys  qipear  to  correspond  with 
the  location  of  cultural  features. 


Site  3  (parking  lot  south  of  bldg.  37) 

Figure  19  shows  the  location  of  Site  3  and  the  boundaries  of  the  geo|diysi- 
cal  surv^  along  with  die  locations  of  known  buried  udlides.  Figure  20  stows 
die  layout  of  the  geophysical  survey  grid  and  the  location  of  cultural  features. 
Hie  survey  enconqiak^  an  area  measuring  180  ft  by  60  ft.  Total  fidd  mag¬ 
netic,  magnetic  gradient,  EM-31  conductivity  and  inidiase,  and  GPR  surveys 
were  conducted  at  diis  she  and  are  presented  in  IHgura  21  tbiou^  25,  re¬ 
spectively.  EM-31  and  magnetic  readings  were  taken  on  a  10-ft  grid  interval. 
GPR  surv^  lines  were  run  in  an  east-west  frshion  with  a  5-ft  survey  line  sep¬ 
aration.  As  previously  mentioned  the  purpose  of  this  survey  was  to  determine 
die  presence  of  a  UST  near  die  nordiem  portion  of  the  parking  lot. 

The  results  of  die  magnetic  total  fidd,  magnetic  gradient,  EM-31  conduc¬ 
tivity  and  in^hase  surveys  are  presented  in  Figures  21-24,  respecdvdy.  The 
significant  anomdies  interpreted  from  these  surv^  are  presemed  in  Tables 
5-8,  reqwcdvdy. 

The  GPR  anomdy  results  for  She  3  an  presented  in  Figure  25.  Individud 
GPR  anomdies  are  represented  widi  an  *X*  triiereas,  more  wideqiread  anom¬ 
dies  are  represented  by  die  shaded  areas.  Numerous  individud  anomdies  as 
well  as  disnirbed  areas  were  interpreted.  A  large  disturbed  area  is  noted  in 
die  nordiem  portion  of  die  paridng  lot.  Also,  diere  is  a  large  concentration  of 
individud  GTO  anomdies  in  the  western  portion  of  die  parking  lot 


TablaS 

Daacriptii 

AnomnHa 

Ni  and  Location  of  Significant  Magnatic  Total  FMd 
a,8ita3 

Anomaly 

NuHikiif 

Anomaly  Doooriaami  one  UoaUan 

1 

A  pluo  mimio  anomaly  oantarad  on  (76W,00N). 

2 

AaoMva  oiraular  anomaly  oantamd  an  (SSW.SSN). 

a 

LflfQs  donQfltsd  MWffMly  cxtvndIfiQ  bstwMfi  flppraidnwtsly 

(20W.MN)  and  ($9W,$0Nh 

4 

aroular  pooWvo  anomaly  looatoe  at  (1  sow,  1  BN). 

6 

rooWva  anomaly  looatod  at  (ISOW.SON). 

Table  8 

I  Descriptit 
I  Sites 

>n  and  Location  of  Significant  EM-31  In-phase  Anomalies, 

Anomalv 

lUlMwno* 

Wumbw 

Anomaly  Daaerlplion  and  Location 

1 

Poaitivo  circular  artomaly  cantarad  approximataly  arouitd  (25W,25N). 

2 

Small  nagativa  anomaly  cantarad  around  (00W,60N). 

3 

Poaitiva  circular  anomaly  cantarad  about  (3SW,60N). 

4 

Small  poaitivo  aiMHnaly  oantarad  arouitd  (S0W,20N). 

5 

Drcular  nagativa  artomaly  loeatad  at  ISSW.OON). 

e 

Nogativo  anomaly  oantarad  about  I60W.60N). 

7 

Poaitiva  artomaly  cantarad  about  (95W,1 5N). 

a 

Poaitiva  artomaly  oantarad  about  (125W,00N). 

9 

Larga  poaitiva  artomaly  oarttarod  about  (140W.20N). 

10 

Oortgato  poaitiva  artotrtaly  axtartding  batwaan  <140W,60N)  artd 
(ISOW.eON). 

Site  4  (parking  iot  west  of  bidg.  39) 

As  previously  mentioned  a  geophysical  investigation  was  carried  out  at 
Site  4  to  determine  the  location  of  unknown  drain  lines.  The  location  of  die 
boundaries  of  the  geophysical  survey  and  die  known  buried  utility  lines  for 
Site  4  are  shown  in  Figure  26.  The  layout  of  the  geophysical  grid  and  loca¬ 
tion  of  cultural  features  are  shown  in  Figure  27.  The  gtidded  area  covered  an 
area  150  ft  by  120  ft.  Magnetic  total  field,  EM-31  conductivity  and  in-|>hase 
measurements  were  taken  on  a  lO-ft  grid  intoval.  GPR  survey  lines  were  run 
in  an  east-west  and  nordi-soutfa  fashion  at  10-ft  survey  line  intervals.  To  facil¬ 
itate  in  the  detection  of  pipes  or  drain  lines,  GPR  survey  lines  are  usually  run 
perpendicular  to  these  Imear  features.  Since  die  direction  of  the  suspect  drain 
lines  was  unknown  at  Site  4,  GPR  lines  were  run  in  an  east-west  and  nordi- 
soudi  configuration. 

The  results  of  the  magnetic  total  field,  EM-31  conductivity  and  in-phase 
surveys  for  Site  4  are  presented  in  Figures  28-30,  respectively.  The  signifi¬ 
cant  anomalies  interpreted  from  these  surveys  are  shown  in  Tables  9-1 1,  re¬ 
spectively. 

The  GPR  anomaly  results  for  Site  4  are  presented  in  Figure  31.  There  are 
numerous  GPR  anoi^ies  scattered  across  foe  surveyed  area.  It  is  noted  that 
there  is  a  high  concentration  of  GPR  disturbed  areas  in  foe  northwest  portion 
of  foe  site  coinciding  with  interpreted  anomalous  areas  from  EM-31  and  mag¬ 
netic  surveys. 
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Tables 

Deacripti( 

Anomdie 

>n  and  Location  of  Significant  Magnetic  Total  Field 
a.  Site  4 

Anomaly 

Ral^noa 

Numbar 

Anomaly  Daaefiptlon  and  Loeadon 

1 

Magnatie  low  anomaly  looatad  approximataly  batwaan  (10W,20N)  and 

(low, TON). 

2 

Magnatie  low  anomaly  looatad  approximataly  batwaan  (20W,50N)  and 
(4SW,50N). 

3 

High  magrtade  anomaly  aneompaaaing  tha  northwaat  portion  of  tha  aita. 

4 

Magrwtio  low  aiMxnaly  along  dia  aoutham  boundary  of  aita  batwaan 
(OOW.OON)  (1S0W.00N). 

Table  10 
Descriptii 
Anomalie 

in  and  Location  of  Significant  EM-31  Conductivity 
a.  Site  4 

Anomaly 

eafaranoa 

Numbar 

Anomaly  Daaerlpdon  and  Looadon 

1 

Conduedvity  low  anomaly  looatad  approximataly  batwaan  (10W,20N>  and 
(10W,80N). 

2 

Coixiuotivity  low  arximaly  looatad  approximataly  batwaan  (20W,60N)  and 
(50W.60N). 

3 

High  oorxluoti^dty  anomaly  along  tha  aoutham  portion  of  tha  aurvay  araa. 

4 

High-low  broad  (approx.  30  ft  wida)  oonductivity  anomaly  in  iwrthwaat  por¬ 
tion  of  tha  aita.  Anomaly  la  oantarad  aloitg  a  Kna  batwaan  (40W,1 20N)  ai«d 
(160W.50N). 
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Table  11 
Descriptit 
Site  4 

in  and  Location  of  Significant  EM-31  In-phaae  Anomalies, 

Anomaly 

Rafaranoa 

1  Numbar 

Anomaly  Daacription  and  Loeadon 

1 

Nagativa  anomaly  along  tha  aaatam  parimatar  of  aurvay  araa. 

2 

Elongatad  aaat-waat  tranding  nagativa  anontaly  batwaan  approxinwtaly 
(25W,60N)  and  (70W,60N). 

3 

Elongatad  poaitiva  anomaly  along  Uta  aouttiam  parimatar  of  aurvay  araa. 

4 

Broad,  diagonally  oriantad  arMmaly  in  tha  northwaat  portion  of  tha  aurvay 
araa.  Tha  attomaly  runa  along  a  Kna  with  approximata  and  pointa 
(30W,120N)  and  (130W,S0N). 

Site  5  (parking  lot  south  of  bldg.  243) 

A  geophysical  survey  using  magnetic  total  field  and  EM-31  conductivity 
and  in-i)hase  methods  was  conducted  at  Site  5  to  ddineate  the  location  of  pos¬ 
sible  drain  pipes.  The  area  covered  by  the  survey  and  the  location  of  under¬ 
ground  utilities  is  presented  in  Figure  32.  Figure  33  shows  die  survey  grid 
points  and  the  location  of  cultural  features.  Geophysical  readings  were  taken 
on  a  10-ft  grid  spacing.  GPR  lines  were  run  east  to  west  with  lines  spaced 
10  ft  a|>art.  An  additional  three  lines  oriented  in  a  north-south  sense  were  run 
along  lines  20E,  OOE,  and  20W. 

The  magnetic  total  field,  EM-31  conductivity  and  in-phase  survey  results 
are  presented  in  Figures  34-36,  respectively.  A  description  and  location  of 
the  significant  anomalies  are  presented  in  Tables  12-14,  respectively. 

The  results  of  die  GPR  survey  are  presented  in  Figure  37.  Two  disturbed 
areas  were  interpreted  near  die  eastern  portion  of  the  site.  Numerous  GPR 
individual  anom^ies  were  interpreted  across  the  site. 


Table  12 
Descripti( 
Anomalie 

)n  and  Location  of  Significant  Magnetic  Totai  Haiti 
a.  Site  5 

Anomaly 

llaforonoo 

Numbar 

Anomaly  Daaerlptlon  and  Loeadon 

1 

Magnatio  low  anomaly  looatad  along  oaatam  portion  of  the  alto. 

2 

MagiMtic  Ngh  attomaly  looatad  batwaan  approximatoly  (25E,40N)  and 
(1SW,40N). 

3 

Low  magiMtic  anomaly  looatad  batwaan  approxbnatalv  (1SW,40N)  artd 
(S0W,40N). 

4 

Bongatad  aaat-waat  trondirtg  magnatic  high  anomaly  axtonding  batwaan 
(2SE,20N)  and  (30W.20N). 

S 

Small  negadva  anomaly  oantarad  about  (OOW.OON). 

e 

Magitatic  high  anomaly  oantarad  on  (80W,40N). 

Table  13 
Descriptii 
Anomalie 

in  and  Location  of  Significant  EM-31  Conductivity 
s.  Site  5 

Anomaly 

eafaranoa 

Numbar 

Anomaly  Oaoorlpdon  and  Looadon 

1 

Cortductivity  high  arwmaly  oarrtarad  about  (50E.20N). 

2 

Poaaibla  amaN  arwmaly  oantafod  about  (30E,20N). 

3 

Conductivity  Ngh  arwmaly  looatad  along  iwrtham  portion  of  tha  aita 
appronnwtaly  batwaan  (50E,40N)  artd  (40W,40N).  Thia  may  ba  two 

aaparata  anomaKaa. 

4 

Small  nagativa  arwmaly  oantarad  about  (OOW.OON). 

5 

Cortduotivity  Ngh  arwmaly  oantarad  on  (80W,40N). 
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Table  14 
Descripti( 
Site  5 

)n  and  Location  of  Sigrdficant  EM-31  In-phase  Anomalies, 

1  Anomaly 

1  Rafaranoa 

1  Numbar 

Anomaly  Paacriptlon  and  Location  I 

1 

Nagativa  anomaly  eantarad  about  <30E,20N).  | 

2 

Larga  poaitiva  anomaly  batwaan  (05E,40N)  and  (S0W,40N).  Small  nagativa  1 
anomaly  eantarad  about  (SSW,40N)  ia  probably  aaaooiatad  with  thia  poaitiva  1 
artomaly.  | 

3 

Itvphaaa  poaitiva  anomaly  eantarad  about  (OOW.OON).  | 

4 

In-phaaa  poaitiva  anomaly  eantarad  on  (80W,40N).  1 
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4  Data  interpretation 


In  determining  whidi  of  die  anomalous  areas  are  to  be  considered  signifi¬ 
cant,  several  factors  must  be  considered.  Anomaly  detection  is  limited  by  in¬ 
strument  accuracy  and  local  "noise"  or  variations  in  the  measurements  caused 
by  factors  not  associated  widi  die  anomalies  of  interest.  For  die  anomaly  to 
be  significant,  it  must  be  two  to  diree  times  greater  than  responses  due  to 
diese  factors.  Since  die  anomaly  anqilitude,  spatial  extent,  and  wavelength  are 
die  keys  to  detection,  the  size  a^  depth  of  the  feature  causing  the  anomaly 
are  inqiortant  factors  in  determining  detectability  and  resolution.  The  intensity 
of  the  anomaly  is  also  a  function  of  die  degree  of  contrast  in  material  proper¬ 
ties  between  Ae  anomaly  and  the  surrounding  material.  Based  upon  the  medi- 
ods  enqiloyed,  noise  conditions  at  die  site  and  the  assun^ition  thtt  the  target 
objects  are  relatively  shallow  Qess  than  10  ft),  die  areas  indicated  as  anoma¬ 
lous  in  Section  3  (Geophysical  Test  Results)  can  be  considered  as  significant. 
In  die  interpretation  of  the  results,  the  above  criteria  were  utilized  and  refer  to 
anomalies  caused  by  localized  contrasts  in  magnetic  susceptibility  and  electri¬ 
cal  properties. 

Hie  location,  an  anomaly  reference  number,  type,  and  an  interpretation  of 
the  anomalies  resulting  from  die  geophysical  surveys  conducted  at  Sites  1 
through  S  are  presented  in  Tables  1^19,  respectivdy.  The  tables  also  indi¬ 
cate  whether  further  action  should  be  taken  to  determine  die  cause  of  the  ano¬ 
maly.  The  location  of  the  geojdiysical  anomalies  described  in  Tables  15-19 
(Sites  1  dirough  5)  are  shown  in  Figures  38  through  42,  respectivdy.  The 
numbered  areas  refer  to  the  anomaly  reference  mucben  used  m  the  correqxm- 
ding  anomaly  interpretation  table. 


Table  15 

Geophysical  Anomaly  Interpretation.  She  1  (Parking  Lot  South  of  Bldg.  36) 
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Not*:  T  *  magiMtio  total  field 
G  -  magnatic  gradient 
C  m  EM-31  eonduodvity 
I  -  EM-31  irvphaa* 


TaMe  18 

Geophysical  Anomaly  Interpretation.  SKe  4  (Parking  Lot  West  of  Bldg.  39) 
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Table  19 

Geophysical  Anomaly  Interpretation.  Site  5  (Parking  Lot  South  of  Bldg.  243) 
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5  Conclusions  and 
Recommendations 


A  geoi^ysical  investigation  was  conducted  at  five  sites  at  die  U.S.  Army 
Materials  Technology  Laboratory.  The  purpose  of  the  investigation  was  to 
determine  any  evidence  of  soU  disturbance  indicadve  of  fill  material  at  Sites  1 
and  2,  the  presence  of  an  underground  storage  tank  at  She  3,  and  any  evi¬ 
dence  suggesting  the  presoice  of  unmapped  underground  lines  cqiable  of  car¬ 
rying  vrastes  off  die  Laboratory  boundaries  at  Sites  4  and  S.  Magnetic,  elec¬ 
tromagnetic,  and  ground  penetrating  radar  methods  were  employed  to  meet 
diese  objectives.  Numerous  geophysical  anomalies  were  interpreted  for  eadt 
she.  However,  many  of  diese  anomalies  were  attributable  to  visible  or 
mqiped  objects  capiAle  of  interfering  widi  die  geofdiysical  tests.  Maps  show¬ 
ing  the  locations  of  the  interpreted  anomaly  locations,  along  widi  a  corre¬ 
sponding  anomaly  reference  number,  were  constructed  for  eadi  she.  The 
areas  requiring  fordier  action  were  defined  for  each  she. 

The  anomalous  areas  diat  should  be  considered  for  fordier  action  include: 

a.  She  1  -  Anomaly  numbers  2, 4, 5,  and  6 

b.  She  2  -  Anomaly  numbers  5, 6,  and  9 

c.  She  3  -  Anomaly  numbers  2, 4,  5,  and  6 

d.  She  4  -  Anomaly  numbers  3  and  5 

e.  She  5  -  Anomaly  numbers  4, 5,  and  6 
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Figure  1.  Vicinity  map 


Rgwv  2.  General  site  map 
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Figure  4.  Schematic  illustration  of  the  EM-31  transmitter 
and  receiver  coil  orientations 
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Figure  5.  Local  perturbation  of  the  total  field  vector  (after  Breiner,  1973) 
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Rgurs  7.  Site  1  map  showing  the  area  survayad  arnl  location 
of  underground  utHHias 


Rgure  8.  Sit*  1  survey  grid  layout  arid  location  of  cultural  features 
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Figure  9.  Results  of  magnetic  total  field  survey.  Site  1 


Figure  1 0.  Results  of  magnetic  gradient  survey,  Site  1 


Figure  1 1 .  Results  of  EM-31  conductivity  survey,  Site  1 


Figure  12.  Results  of  EM-31  in-phase  survey.  Site  1 


Figure  13.  Results  of  GPR  survey.  Site  1 


Figure  14.  Site  2  test  layout  and  location  of  cultural  features  and 
underground  utilities 
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Figure  15.  Results  of  magnetic  total  field  survey,  Site  2 
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Figure  16.  Results  of  EM-31  conductivity  survey,  Site  2 
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Figure  17.  Results  of  EM-31  itvphase  survey,  Site  2 
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Figure  20.  Site  3  survey  grid  layout  and  location  of  cultural  features 


Figure  21 .  Results  of  magnetic  total  field  survey,  Site  3 


Figure  22.  Results  of  magnetic  gradient  survey,  Site  3 


Figure  23.  Results  of  EM-31  conductivity  survey.  Site  3 


Figure  24.  Results  of  EM-31  in-phase  survey,  Site  3 


Figure  25.  Results  of  GPR  survey.  Site  3 


Figure  27.  Site  4  survey  grid  layout  and  location  of  cultural  features 


Figure  28.  Results  of  magnetic  total  field  survey.  Site  4 


Figure  29.  Results  of  EM-31  conductivity  survey.  Site  4 


Figure  30.  Results  of  EM'31  in-phase  survey.  Site  4 


Figure  31.  Results  of  GPR  survey,  Site  4 
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Figure  32.  Map  of  Site  5  showing  the  area  surveyed  and  location  of 
underground  utlitles 


Figure  34.  Results  of  magnetic  total  field  survey.  Site  5 


Figure  35.  Results  of  EM-31  conductivity  survey,  Site  5 


Figure  36.  Results  of  EM-31  in-phase  survey.  Site  5 


Figure  37.  Resuits  of  GPR  survey.  Site  5 


Figure  38.  Anomaly  location  map.  Site  1 
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Rgure  40.  Anomaly  location  map.  Site  3 


Figure  41.  Anomaly  location  map.  Site  4 


Figure  42.  Anomaly  location  map,  Sita  5 
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